Light deflection is obtained by diffraction from a transient index modulation established as a grating of variable frequency by the interference of two light beams in an optical material.
Introduction
Previous workers have reported on light modulation using the frustration induced by an external field to modulate the light diffracted by an optically created grating in a waveguide configuration (1) .
Recently the use of a scan laser for writing the induced grating has been proposed(2).
keanwhile we have conceived and fully implemented a novel deflection technique which leads to very large deflection angles while maintaining the Bragg condition in order to achieve light deflection without loss in efficiency.
Basic idea
This novel technique uses the diffraction from a periodic refractive index modulation induced in a medium by an optically generated transient standing wave. This is analogous to an acousto -optic device but here the modulation is no longer due to a traveling acoustic wave but to a standing optical wave resulting from the interference of two optical wavefronts ( fig. 1 ).
In both cases varying the frequency of the controlling beam in order to alter the spacing of the diffracting structure leads to a deflection of the reading beam. Wavelength changes over 15 nm can be rapidly created, on a nanosecond time scale by intracavity tuning of cw dye lasers or,in the case of solid state lasers, at picosecond speed, by altering the drive current.
Because the standing wave is optically generated, a device based upon this technique will not be subject to the limitations encountered by acoustic devices and mainly caused by the small propagation velocity of the traveling wave.
If varying the frequency of the standing wave changes the direction of diffraction, we must however remember that it also drastically decreases the reconstruction efficiency. The curve in figure 2 shows an example of how the efficiency varies as F differs from zero, value corresponding to an incidence angle satisfying the Bragg equation(3). For example if the modulation of the refractive index is An = 10 -3 and if the hologram thickness is 293 um, the efficiency will drop to zero for a change in the illumination angle equal to 0.16 °. The same effect can also be generated by a change in the fringe spacing obtained for instance from a shift in the wavelength of the beams writing the grating while the incidence angle of the reading beam is kept fixed. This latter is the most realistic case since the illuminating beam to deflect is generally fixed in direction. 
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This novel technique uses the diffraction from a periodic refractive index modulation induced in a medium by an optically generated transient standing wave. This is analogous to an acousto-optic device but here the modulation is no longer due to a traveling acoustic wave but to a standing optical wave resulting from the interference of two optical wavefronts ( fig. 1 ).
If varying the frequency of the standing wave changes the direction of diffraction, we must however remember that it also drastically decreases the reconstruction efficiency. The curve in figure 2 shows an example of how the efficiency varies as £ differs from zero, value corresponding to an incidence angle satisfying the Bragg equation(3). For example if the modulation of the refractive index is An -10"3 and if the hologram thickness is 293 um, the efficiency will drop to zero for a change in the illumination angle equal to 0.16°. The same effect can also be generated by a change in the fringe spacing obtained for instance from a shift in the wavelength of the beams writing the grating while the incidence angle of the reading beam is kept fixed. This latter is the most realistic case since the illuminating beam to deflect is generally fixed in direction. In the case of an alteration of the fringe spacing caused by a wavelength shift of the writing beams, a modification of 7nm would be sufficient to cause a deflection of the fixed illuminated beam by 0 -32 degrees but would result in a simultaneous decrease of the diffraction intensity to zero. For more weakly diffracting materials, that is having a lower index modulation than here chosen, the decrease in efficiency will be more rapid. The necessity of maintaining the Bragg condition generally limits considerably the extent of the allowed frequency shift and consequently the workable deflection range.
In the past several years, many exotic solutions have been proposed for the ose with acousto -optic devices(4).But even with these complex beam steering techniques, the range of deflection remains limited.
In the case of our opto-optical deflection however, we have conceived and implemented a technique which considerably reduces the Bragg mismatch and consequently greatly extends the angular deflection range.
Fringe tilting technique for Bragg correction
The Bragg correction is accomplished by simultaneously changing boths orientation and frequency of the standing wave in a predetermined manner. In this way an incoming light beam having a fixed incident direction will always interact at Bragg angle.
This change in spacing and orientation of the induced grating is obtained by modifying in real time both wavelength and orientation of the two writing beams ( fig. 3 ). This will be automatically performed when solely shifting the wavelength of the original beam.
In order to perform the simultaneous change in both spatial frequency and orientation of the standing optical wave while varying the wavelength of the original beam, we proceed as described in figure 4.
An incoming laser beam is split into two identical writing beams and each is incident into dispersive media, for instance diffraction gratings G1 and G2. Changing the wavelength of the incident beam causes a change in the direction of the diffracted beams and consequently a change in the direction of the beams incident on the recording medium. Using different spatial frequencies p1 and p2, the change in each beam is different and we therefore should expect a simultaneous change in both spacing and orientation of the induced standing wave Using imaging systems, the diffracted beams are directed to overlap in the medium in which the standing wave has to be recorded whatever the incident wavelength. In the case of an alteration of the fringe spacing caused by a wavelength shift of the writing beams, a modification of 7nm would be sufficient to cause a deflection of the fixed illuminated beam by 0-32 degrees but would result in a simultaneous decrease of the diffraction intensity to zero. For more weakly diffracting materials, that Is having a lower index modulation than here chosen, the decrease in efficiency will be more rapid. The necessity of maintaining the Bragg condition generally limits considerably the extent of the allowed frequency shift and consequently the workable deflection range.
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Fringe tilting technique for Bragg correc_t.Ion
In order to perform the simultaneous change in both spatial frequency and orientation of the standing optical wave while varying the wavelength of the original beam, we proceed as described in figure 4 . ^ An incoming laser beam Is split Into two identical writing beams and each i* incident into dispersive media, for instance diffraction gratings Gl and G2. Changing the wavelength of the incident beam causes a change in the direction of the diffracted beams and consequently a change in the direction of the beams incident on the recording medium. Using different spatial frequencies pi and p2, the change in each beam is different and we therefore should expect a simultaneous change in both spacing and orientation of the induced standing wave Using imaging systems, the diffracted beams are directed to overlap in the medium in which the standing wave has to be recorded whatever the incident wavelength.
This device thu allows to create a dynamic periodic structure with which an incoming beam of fixed incident direction interacts always at nearly the Bragg angle.
Consequently when varying the wavelength of the initial beam, the reading beam is deflected and the efficiency of the proce> is always maximum.
Theoretical demonstration
From the previous considerations, we have firstly theoretically tested this idea by computing and comparing the variation in diffraction efficiency when the wavelength is varied both with and without our Bragg tilting correction.
The curves in figure 5 show the effectiveness of this fringe tilting technique in maintaining high reconstruction efficiency over a broad wavelength shift.
A high spatial frequency configuration, 2 000 lines /mm was used to generate data representing deflection with and without wavelength induced fringe tilting. As is quite evident in the figure, this fringe tilting technique produces a significant improvement in uniform efficiency. For this particular example, the full-width -half -power tuning range increases from 0.014 ,;m to 0.097 um and more importantly, the deflection angle increases by more than one order of magnitude, from 2.6 degrees to 43.6 degrees in this particular example. This large deflection range, coupled with no aperture restriction except those related to material power density consideration leads us to expect that a deflector with greater than 10 spots per field can be realized.
Playin à with the parameters characterizing the dispersive media, we always find an optimium configuration, that is a configuration exhibiting large angular deflections with negligeable Bragg detuning, whatever the spatial frequency of the induced grating. It should be emphasized that these results are essentially independent of the recording material considered.
Experimental demonstration
The experimental demonstration of our analysis was carried out using a set -up fulfilling the conditions pointed out in the theoretical study. For this demonstration we used the discrete wavelength set of an argon laser (figure 6), the implementation of a compact device will be a second step.
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The magnification of the imaging systems, Al and A2, can be varied thus allowing a change in the ultimate dispersion in the overlapping volume where the recording medium is located.
In the table are compared calculated and measured results obtained for different values of the spatial frequency of the induced transient grating. LiNb 03* Bi12 Si020, high Spatial frequency : 2 000 mm -1
As explected, the magnitude of the deflection obtained for the same wavelength shift increases as the spatial frequency of the optical standing wave increases.
The residual Bragg detuning was in each case small enough to maintain a rather constant diffraction efficiency during the whole deflection process. The mag til f ication of the imaging systems, A^ and A^, can be varied thus allowing a change in the ultimate dispersion in the overlapping volume where the recording medium is located.
In the table are compared calculated and measured results obtained for different values of the spatial frequency of the induced transient grating. LiNb 0--* Bi 12 Si0 20 , high Spatial frequency : 2 000 mm -1
The residual Bragg detuning was in each case small enough to maintain a rather constant diffraction efficiency during the whole deflection process. Photograph 2 displays the two beams obtained by diffraction from gratings recorded at either 0.515 um or 0.488 um ; the spatial frequency calculated at 0.501 pm was 2 000 lines per millimeter. The measured angular deflection was 11.8 degrees, that corresponds to a deflection sensitivity of 437 degrees per micrometer.
Conclusion
To conclude, we could say that the deflection of a light beam from changes optically induced in an optically created periodic structure has been fully demonstrated.
Moreover, through the use of a novel fringe tilting technique extremely large angular deflections have been achieved (437 ° /um) while simultaneously maintaining the Bragg condition, necessary for uniform diffraction efficiency over the deflection range.
This large deflection range, coupled with no aperture restriction, except those related to material power density considerations and hence deflection speed, leads us to expect that a deflector with greater than 104 spots per field can be implemented.
This study was conducted usinginorganic materials such as Lithium Niobate, Bismuth Silicone Oxyde and Ruby for the purpose of demonstrating the process and many other materials are certainly applicable.
It is considered that organic materials may have even greater potential in implementing a practical device. But it still remains to see an appropriate compound that will combine high sensitivity to allow the use of low power lasers for controlled operation and a fast index modulation (mechanism) to give high speed deflection performance. Photograph 1 shows the various diffracted spots recorded when the writing wavelength is varied from 0.515 urn to 0.477 urn. In this case the spatial frequency of the transient grating was 358 lines per millimeter ; the corresponding values of the angular deflections are indicated in the table. The quality of the diffracted beams was good as shown by the photograph.
Photograph 2 displays the two beams obtained by diffraction from gratings recorded at either 0.515 urn or 0.488 urn ; the spatial frequency calculated at 0.501 nm was 2 000 lines per millimeter. The measured angular deflection was 11.8 degrees, that corresponds to a deflection sensitivity of 437 degrees per micrometer.
Moreover, through the use of a novel fringe tilting technique extremely large angular deflections have been achieved (437°/um) while simultaneously maintaining the Bragg condition, necessary for uniform diffraction efficiency over the deflection range.
This large deflection range, coupled with no aperture restriction, except those related to material power density considerations and hence deflection speed, leads us to expect that a deflector with greater than 10^ spots per field can be implemented.
This study was conducted using inorganic materials such as Lithium Niobate, Bismuth^Sill-cone Oxyde and Ruby for the purpose of demonstrating the process and many other materials are certainly applicable.
It is considered that organic materials may have even greater potential in implementing a practical device. But it still remains to see an appropriate compound that will combine high sensitivity to allow the use of low power lasers for controlled operation and a fast index modulation (mechanism 1 ) to give high speed deflection performance.
